Noradrenergic excitation of a subpopulation of GABAergic cells in the basolateral amygdala via both activation of nonselective cationic conductance and suppression of resting K+ conductance: a study using glutamate decarboxylase 67-green fluorescent protein knock-in mice.
GABAergic interneurons play central roles in the regulation of neuronal activity in the basolateral nucleus of the amygdala (BLA). They are also suggested to be the principal targets of the brainstem noradrenergic afferents which are involved in the enhancement of the BLA-related memory. In addition, behavioral stress has been shown to impair noradrenergic facilitation of GABAergic transmission. However, the noradrenaline (NA) effects in the BLA have not been differentiated among medium- to large-sized GABAergic neurons and principal cells, and remain to be elucidated in terms of their underlying mechanisms. Glutamate decarboxylase 67 (GAD67) is a biosynthetic enzyme of GABA and is specifically expressed in GABAergic neurons. To facilitate the study of the NA effects on GABAergic neurons in live preparations, we generated GAD67-green fluorescent protein (GFP) knock-in mice, in which GFP was expressed under the control of an endogenous GAD67 gene promoter. Here, we show that GFP was specifically expressed in GABAergic neurons in the BLA of this GAD67-GFP knock-in mouse. Under whole-cell patch-clamp recordings in vitro, we identified a certain subpopulation of GABAergic neurons in the BLA chiefly on the basis of the electrophysiological properties. When depolarized by a current injection, these neurons, which are referred to as type A, generated action potentials at relatively low frequency. We found that NA directly excited type-A cells via alpha1-adrenoceptors, whereas its effects on the other types of neurons were negligible. Two ionic mechanisms were involved in this excitability: the activation of nonselective cationic conductance and the suppression of the resting K+ conductance. NA also increased the frequency of spontaneous IPSCs in the principal cells of the BLA. It is suggested that the NA-dependent excitation of type-A cells attenuates the BLA output for a certain period.